The effect of high pressure (0 -8 GPa) on the magnetic structure of polycrystalline samples of La 0.5 Ca 0.5-x Sr x MnO 3 (0.1 ≤ x ≤ 0.4) manganites at 5 K is investigated using neutron diffraction technique. Application of pressure is found to modify the previously reported magnetic structure, observed under ambient conditions, in these compounds [I. Dhiman et al.,
INTRODUCTION
Perovskite manganites R 1-x A x MnO 3 (R = trivalent rare earth ion and A = divalent ion Ca, Sr and Ba) exhibit wide variety of phenomena viz., colossal magnetoresistance, charge, spin and orbital ordering and mesoscopic phase separation. In particular, studies on halfdoped perovskite manganites R 0.5 A 0.5 MnO 3 , show a complex interplay of ferromagnetic double exchange, antiferromagnetic superexchange interactions, coupled to lattice distortions effects and orbital degrees of freedom which leads to a complex magnetic phase diagrams.
The magnetic states of these compounds are influenced by external pressure, magnetic field and disorder (σ 2 ) as a result of doping at the rare earth site and/or transition metal site. [1] [2] [3] [4] The disorder is quantified by variance of the ionic radii and is given as, 2 2 2 x r r ii A
, where x i denotes the fractional occupancy of A-site ion and r i is the corresponding ionic radius. 5, 6 The conflicting nature of the effect of external pressure and disorder on the order of magnetic phase transition in ferromagnetic manganites has been reported recently. 7 It is found that pressure required for changing the first-order transition to second decreases as σ 2 increases. The effectiveness of the electronic localization effect also decreases with increasing σ 2 . Recent pressure dependent study on electron doped manganite Sm 0.1 Ca 0.9−y Ba y MnO 3 (y = 0.02 and 0.06) showed the strong suppression of the ferromagnetic phase for the y = 0.06 sample, in comparison to y = 0.02 sample. 8 This behavior is attributed to the effect of chemical disorder σ 2 , playing a more significant role than the effect related to the changes in <r A >. Pressure induced metallization behavior has been observed in ferromagnetic insulating compound, La 0.79 Ca 0.21 MnO 3 . 9 Similarly, in undoped LaMnO 3 compound, metallization is observed at P  32 GPa and suppression of orbital ordering occurs at P  18GPa, which is attributed to suppression of Jahn-Teller distortions. 10 There exist very few reports on the influence of pressure on the nature of magnetic structure in half doped compounds, particularly using neutron diffraction techniques. However, in the absence of high pressure synchrotron studies on these compounds we are unable to comment about the role of hydrostatic pressure on chemical structure in this study.
II. EXPERIMENT
The polycrystalline samples La 0.5 Ca 0.5-x Sr x MnO 3 (0.1 ≤ x ≤ 0.4) used for this study are the same as the ones on which previous investigations were carried out. 19 Neutron diffraction data under high pressure were recorded on the DMC diffractometer ( = 2.4575 Å), at the Swiss spallation neutron source (SINQ), Paul Scherrer Institute, Switzerland.
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Pressure in the sample is generated by toroidal anvils made up of boron nitride. 21 Due to the strong absorption of natural boron, the anvils act as a beam stop for neutrons. The sample was loaded in the TiZr alloy gasket using a deuterated 4:1 methanol -ethanol mixture as a pressure transmitting medium. These gaskets accommodate a sample volume of 30-100 mm 3 , depending on the maximum sought pressure. Since the TiZr alloy gaskets having average scattering length zero were used there were no additional Bragg reflections other than those from the sample and minute quantity of Pb used as pressure calibrant. The pressure was calibrated using the shift of Pb peaks, where Pb powder is mixed with the sample. The measurements were performed in the pressure range of 0 -8.0 GPa and at temperature 5 K by placing the pressure cell in a helium cryostat. The time needed to obtain one spectrum was typically  14 -18 hrs. The diffraction data are analyzed by the Rietveld method using FULLPROF program. 22 III.
RESULTS AND DISCUSSION
The Sr doped compounds in the series La 0.5 Ca 0.5-x Sr x MnO 3 , for x ≤ 0.3 are isostructural, having an orthorhombic distorted perovskite structure with Pnma space group.
The x = 0.4 crystallizes with two orthorhombic phases in the space group Pnma and Fmmm.
The structural and magnetic properties of these samples at ambient pressure have been reported previously. 19 The cell parameters obtained from Rietveld refinement of the diffraction data at high pressure are given in table I. The positional parameters of the atoms in the cell, bond lengths and bond angles could not be determined with sufficient accuracy due to the limited angular range available on the diffractometer and the inherent broadening of the Bragg reflections with increase in pressure. Therefore, these are not included in the table.
Pressure induced orthorhombic to monoclinic structural transformations have been 18 In the parent compound application of pressure did not yield any significant change in the magnetic structure (for pressure P ≤ 6.2 GPa). This suggests that increasing disorder leads to instability of the CE-type magnetic structure. In a previous study, we found that a very small replacement of La with Y leading to reduction in volume by 0.6% in La 0.5 Ca 0.5 MnO 3 totally suppresses the antiferromagnetic structure. 30 In figure 5 we show the neutron diffraction patterns for x = 0. [32] [33] [34] [35] However, in half doped manganites change in <r A > is also found to result in a complex magnetic phase diagram. 11 Therefore, change in W alone does not explain the change in the magnetic structure with pressure observed in these systems. Additionally, change in <r A > results in increase in disorder, σ 2 . The effect of random substitution at the A-site results in disorder causing random fields at the atomic level at Mn sites. 36, 37 This leads to fluctuations in the hopping parameter and exchange coupling, which destroys the charge ordered state and/or results in the coexistence of ferromagnetic and antiferromagnetic phases. 38 Monte Carlo based studies in half doped manganites show the existence of CE-and A-type antiferromagnetic, and ferromagnetic metallic phases in the proposed magnetic phase diagram. 36, 37 In the limit of large Hund's coupling the stability of CE-type structure is identified with finite electron phonon coupling (λ, related to Jahn-Teller distortion and hopping transition) and antiferromagnetic coupling (J AF ) between the t 2g spins.
At a given temperature, varying the electron phonon coupling is found to result in transformation of the phase from CE-type antiferromagnetic to ferromagnetic metallic phase with an intermediate A-type antiferromagnetic phase. In another study, the effect of increase in pressure is found to lower the polaronic phase. 7 Therefore, varying external pressure or Asite ionic radii <r A > may be identified with tuning the electron phonon coupling shown in the theoretical results. Additionally, our work also shows coexistence of A-type and CE-type antiferromagnetic phases in a certain pressure regime indicating that sharp boundaries do not separate the individual phases unlike the results obtained from simulation studies.
IV. CONCLUSION
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